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heta?*^  coiranunications  satellites  to  aot^M^  orward  a 

heterosynchonous  signal  sources  associated  with  dual  haeoH 
and  using  pulse  phase  modulation  technolo^  to  carry  oSt  ln.T^K^ 

bornrd?arh\fe“d^^r^^I? 
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~  *.e£CSn 

aviil^£?r  “"ditions  of  electronic  counter  neLu«“  curr^nWv  ' 
concealment  characteristics  of  receivers  ran  mair^  -4. 
diffrcult  for  the  ene«.y  to  determine  the  direc^!irorja^rngf  *(3^ 

they  e^e  capable  of  effectively  observing  con-aaled  combat 
platforms  of  single  base  radar  systems  which  are  difficult  to 
observe;  (4)  they  are  capable  of  lowering  the  destJ^cti^e 
effectiveness  of  antiradiation  missiles.  ructive 

Beginning  in  the  1970 's,  such  nations  as  the  U.S  u  tt  an^ 

mLeriel^  in^  orde?^  to  ^  numbers  of  personnel  and  amounts  of 

mareriei  in  order  to  carry  out  large  amounts  of  research  atih 

exper^ental  work,  making  dual  base  radar  development  reach  a 

SSfJ  rfw®  ‘■*9“  research  with  reJTrd  to  lull  lased 

^ttlefilll?  aii^cYe  °o|  ISlrllf  tllSS» 

a^br\crt?%t''rt^j^ 

those  possessing  the  same  knowledge  will  take  research  or  Hna?  ^ 
based  radar  in  China's  military  forces  lid  pllh  It  to  a  new  levtl. 

Oiltswl^Chinr®*'“^  Development  Inside  and 

In  structural  terms,  dual  based  radar  systems  are  mnch  ttiot-a 
complicated  than  single  base  radars.  Speaking  with  reaard  to  a 
model  of  dual  based  radar  system  with  the  most  basic  fu?c?ions  it 
IS  necessary  to  solve  the  3  key  problems  below:  ^^^ctions,  it 

trans^ite?rt«? 

of  tran^miSlf  Ill^rlllltSt?  “  locations 

i“iheTrSi"n?  °t||/,"w?th"  rl'^"ecrto‘’s“\lLTie?h”^^^^^^^^^ 

selllafSallls  possible  to  induce  the  following 

Ji)  ‘'l|lci"lyllhrll!?lty"  l^onsmission  Synchronicity 
a.  Reception  and  Transmission  Beams  Carry  Out  Synchronous 
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Scanning  in  Accordance  with  Predetermined  Programs 

“f  typf  r/„ethod  is 

predetsOTined  isometeic  ellipsoid  eSrfacel.°“witW®’'®  °? 

completing  searches  for  and  simultaneouslv  l-T-aoirT  ®®P®ct  to 

which  have  already  been  discov^»T-<arf  ^  moving  targets 

channel  is  needed  in  transmission 

real  time.  reception  beam  directions  in 

b.  Pulse  Pursuit  Methods 
locations  issoSwId^ltt  “an'siTted^^^^^^^ 

c.  Multiple  Beam  Coverage 

(a)  Reception  antennas  opt  for  the  use  o-F  -FWa/^  -la.’  i 

scanning  recOOtiO?^^  narrow  beam 

targaI“?o”'rKeTs;re%\“?i4°^\%n"r* 

reception.  Tliis^is'^capable*of°low2inJI^?^^°"'*  multiple  beam 

-af -rS  ~  Sou- 

data  Unk*Lfhods\Vr;cVrli°d”  a%  i“*°“«tion  by 

‘•^-“““SSnsferlarsIcfiiL^atlL^ar"" 

of  method^?e^irM  tha? b'S*sendiM*^’^d°“'  °° 

possess  high  stabilitv  cTo^t.  ?  ®  and  receiving  bases  must 

~..Kf s 

echoes  can  easily  produce  confused  receiver  Ope^atio^ 
cases  where  transmiting  bases  are  space  platflSJs.  '  ^ 

2.  Transmiter  Position  Signal  Transfer 

are  fixld  o?  «lght“!alf ale^rtllSflf 

combat.  oirricuit  to  satisfy  the  requirements  of  actual 
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(2)  Transmiter  Locations  and  Data  Link  Real  Time 
Transmissions  -uxuis.  xxme 

Base  Signals  and  Data  Processing 

dual  base  signals  and  data  processino  At  +-ho 
present  time,  universal  option  is  made  for  the  ^^se  of  specialized 
processing  equipment  as  well  as  high  speed  computerriS^eSSi 

eSeEif^iz  r*  in  regard  to  rEquiremeEte  associate^wi^h 

^  processing  and  computer  systems  and  dual  base  operatino 

ar"l"s??eef 

Satellite  Heterosynchronous  Ship  Borne  Dual 
Radar  as  well  as  a  General  Idea  of  Search  and  Positioning 

and  dual  base  radar  which  this  article  puts  forward 

and  the  dual  based  radar  which  is  realized  at  the  present  timo 
inside  and  outside  China  through  the  various  types  of  technologies 

dESa?  same.  Due  to  the  fact  that  the  periods  of  ^ 

development  and  test  manufacture  of  these  radars  wEre  relatively 
.  ??rtain  systems  and  technologies  which  appeared  after  them 

have  still  not  yet  functioned  as  foreseen  at  that  time  In 

t^is/  additional  consideration  is  given.  Thus  in 
tttnRf  cooperation  between  bases  and  data  achieving 

transfer  and  processing,  considerable  time,  energy,  and  financial 

spent.  In  conjunction  with  this,  technologies 
in  dual  base  testing  processes  are  made  to  guarantee  meetino  ^ 
numerous  difficulties.  Before  moving  toward  mature  independent 
systems,  there  is  a  high  degree  of  dependence  on  cutting-edge 
^®“®®  and  technology  and  cost  benefit  ratios  staying  high 
,  .  . ,  .'^®.  ^®^^®Y®  t^at,  under  today's  conditions  of  the^ unrSrersal 
of  synchronous  communications  satellites  and  global 
p  sitioning  and  navigation  systems,  in  a  present  where  the 

%  microwave  technology  and  devices  has  alreLy  taken 
a  great  leap  forward,  to  solve  cooperation  between  dual  base  radar 
system  bases  as  well  as  information  data  acquisition,  transfer 
processing,  and  so  on,  there  is  no  need  to  a^in  opt  for  ™  use'of 
technically  difficult  methods  such  L  atomic  clockE 

using  currently  existing  ' 

specialized  synchronous  satellite  transmission  pulse  sigLls  or 
directly  making  use  of  television  field  synchronous  signals  to 
changes~“by  making  use  of  the  common  collection  of 
solving  of  problems  associated  with 

fosit?iEE  transfer  of  transmiter  platform 

positions.  It  IS  possible  to  opt  for  the  use  of  the  carrying  out  of 

phase  encr^tion  modulation  with  regard  to  detection  pulses?  taking 
true  direction  data  associated  with  transmiter  acicular  detection 
itTnto  transmiter  platform  position  data  and  modulating 

pulse  series.  There  is  omnidirectional  reception 
within  be^  angle  ranges  by  wide  angle  receivers.  At  the  same  time 
that  receivers  pick  up  target  scattering  echo  signal  time  delays 
transmiter  platform  position  data  and  detection  beam  true  direction 
data  are  demodulated,  within  receivers-through  data  processing 
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systems-calculations  are  done  to  determine  target  space  locations. 

receivers  are  amrc^/at^  ^t  transmiters  and 

functions  of  duS  See  /a^iar  syst^s 

Requirements  with  regard  to  transmiters  are: 
system^;  satellite  heterosynchronous  signal  reception 

composite  navigation  systems* 

detection  bean,  scanning  and 

data  with^regard^to^the^l^Stions  S%h?Sses°”  sn^ryption  of 
direction  of%canning  an?^  detection  bea^s^'®®  question  and  the 

modulation,  and  transmission^tiirr^gard  t? traLmissiorpulfes?/75 

Requirements  with  regard  to  receivers  are: 
systems;  ®  ^  satellite  heterosynchronous  signal  reception 

composite  navigation  systems; 

.  They  possess  wide  angle,  high  gain  reception  capabilities; 

decryption  system^/^^^^^  scattering  echo  pulse  series  phase 

5.  There  be  data  processing  systems. 

Deter^Sn:"*^  Position  Point 

trigge?inrol%yJS?Snlui°So«;“cSLSf”IaSmJ^^  continuous 

scanning  and  detection.  The  scanning  carry  out 

composed  of  pulse  series  raT*T>vir.«°»°^  detection  beams  are 
transmission  MsS  iSSwonf 

At  the  same  time  each  pulse  il  Hnt  ^^t  direction  data. 

p«^ide‘'n^a''necSplinn°|orrlSnfv«s®?nT^^^^ 

regarn\Ttrrsm\'nUn^^^^^^^^^ 
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demodulate^and  pulse  series — to 

this  time  is  concerned~when  nrnjSnle  ^^arn  transfered  at 

resolution  is  difficult--da\Vr\\"Sbn 


III.  Operational 
Heterosynchronous 


Processes  Associated  with 
Ship  Borne  Dual  Base  Radar 


Satellite 


(P  (DB  -) 


(1)  (Fig. I) 


Signal  Receiver 
(4)  Frequency  Synthesizer 


Synchronous  Pulse  Formation  Device 

Fo™e?Id°DatrRegiLte?%t)''X’ii°^^^^^ 

■pn  1 1  •« _ 1.^.  .  .  Encryption  Form  Creation 


(3) 

(5) 


Full  Form,  Amplification 


Form  Creation "'^itch  ^9) 

Signal  (i2)  ‘seam  DlreStion°ContrSl^'^(  13 / nc  Platform 

Receive/Tranemit  switch  ““ow«\i's“r\bn*?ion “ 
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2 .  Receivers 


(2) 


(0)  Fig. II  (1)  Satellite  Heterosynchronous  Signal  Receiver  (2) 
Synchronous  Pulse  Formation  Device  (3)  GPS  Navigational 
Positioning  Encryption  (4)  Data  Processing  and  Display  (5)  Phase 
Decryption  Device  (6)  Reception,  Amplification  (7)  O.S/xS  Delay 
( 8 )  Antenna 

(II)  Operational  Processes 

1 .  Transmiters 

Satellite  heterosynchronous  signals  that  receivers  receive 
come  from  heterosynchronous  signals  associated  with  synchronous 
communications  satellites.  Synchronous  pulses  with  repetition 
periods  of  1ms  go  through  heterosynchronous  pulse  formation  device 
frequency  multiplication,  amplification,  full  forming,  and 
formation,  are  sent  to  synchronous  signal  phase  lock  devices  to 
lock  on  phase.  Frequency  synthesizers  are  controled  by  synchronous 
signal  phase  lock  devices  to  form  needed  microwave  frequencies  to 
act  as  transmiter  microwave  frequency  sources . 

As  far  as  accurate  navigational  positioning  signals  provided 
to  GPS  composite  navigation  system  transmiters  are  concerned,  GPS 
navigational  positions  are  gathered  from  transmiters  and  collected 
in  encryption  formation  devices — in  conjunction  with  this,  forming 
encrypted  code.  When  heterosynchonous  signal  pulses  are  triggered, 
navigation  position  signal  data  in  formated  data  registers  is  taken 
and  refurbished. 

Transmiter  beam  direction  information  comes  from  data 
transmission  terminals  associated  with  search  beam  direction 
control  devices.  Each  time  directions  make  a  jump,  direction  data 
bits  are  refurbished  with  respect  to  formated  data  in  registers. 

Data  in  formated  data  registers  is  cycled  out. 

Synthesized  frequencies  and  output  data  go  through  phase 
encryption  formation  switches,  turning  into  phase  modulated  pulses. 

Going  through  full  forming  and  power  amplification,  they  are  sent 
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to  power  distribution  devices  to  carry  out  power  distrihn+-i  nn 

detection  pulses.  On  another  circuit  small  acting  as 

antenn  J=tr^ 

caDabilitiaB"^  ??  ?**'*  ships  not  lose  observation 

SScSit^S 

this,  one  channel  is  divided  out  to  act  as  ^ 
br^eoe^fv^^rfn^  fiSf  iniom.l?ior  sen.  out 

transS!t%*jrf^  fSt%j?*^“So“"  tsTr^?^^’’ 

associated  with  transmiters  outside  iine  If  sight  Md  mSkI 
reception  going  through  omnidirectional  or  wide  angle  reception 
antennas.  After  going  through  amplification,  the  d5:a  is  sent  ini-o 
phase  modulation  decryption  devices  to  demodulate  the  data  SeL  on? 

awlits'u«“in""i\r 

oompoXlI^IIJigllilf  *’y 

The  delay  time  AT  associated  with  echo  pulses  of  taaoh 
SelTelIi^irb^"^U/i=“  triggering  ti»es  aid 

i-aSt1lI  I!Ie°clLT 

information,  as  well  as  target  scattering  echo  delartSn  i?  i. 
s^Lf^  taltulote  out  relative  positions  o?  tS|Its  in 


IV. 


Positioning  Calculations  and  Precision  Analyses 


(I)  Equations  of  Time  Associated  with  Receivino  an^ 
Transmiting  Base  Heterosynchronous  Pulse  Signals.  ^  /77 

fact  that  synchroHous  pulses  associated  with 
receiving  and  transmiting  bases  are,  in  all  cases,  the  same 
heterosynchronous  signal  coming  through  receivers  from  the  same 

Obtained  through  the  I^e  f?equeLy 
multiplication.  It  is  only  due  to  their  position  on  the  earth's 
surface  being  different  that  the  times  of  arrival  of  the  same 
heterosynchronous  pulse  are  different.  Also  for  this  reason 
Citations  of  t^e  are  produced  because  of  differences  in  the 
?hf?^H?ff  bases  to  synchronous  satellites.  The  size  of 

this  difference  value — after  receivers  obtain  transmiter  oosition 
ata--can  be  obtained  through  calculations  by  the  methods  below, 
ssuming  that  geocoordinates  of  receiving  and  transmiting  * 
bases  are,  respectively,  (Ar,*r,Hr)  ,  (At,$t,Ht),  the  point  pL  it  ion 
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ft 


of  synchronous  satellites  is  (A.s,*s,Hs). 

Setting  up  a  georectangular  coordinate  system,  the  global 
parpeters  selected  for  use  are  Kelasuofusiji  (phonetic) 
ellipsoidal  parameters:  a=6378245m,  e2=0. 006693422.  Then 
the  coordinates  of  receiver  (R),  transmitter  (T),  and  synchronous 
satellite  (S)  in  the  georectangular  coordinate  system  are# 
respectively,  (Xi,Yi,Zi);  (i:r,t,s). 


As  a  result,  the  difference  in  paths  of  satellite  synchronous 
pulses  to  the  two  receiving  and  transmiting  bases  is: 

As  =  SR-ST 

=  [(Xs  -  Xr)2  +  (Ys  -  Yr)2  +  (Zs  -  Zr)2]0.5  -  [ (Xs  -  Xt)2 

(Ys  -  Yt)2  +  (Zs  -  Zt)2]0.5 

Equations  of  time  associated  with  each  pair  of  corresponding 
synchronous  pulses  given  rise  to  by  path  differences  between 
receiving  and  transmiting  bases  are : 


(II)  Target  Position  Calculations 

1 .  Coordinate  System  Establishment 

For  the  sake  of  simple  and  convenient  data  processing,  it  is 
possible  to  set  up  rectangular  coordinate  systems  using  receiver 
as  origin  poin'b  and  gaotangsntial  pianos  pasti  rocsivar 
platforms  as  the  plane  XOY.  As  on  maps,  the  OX  direction  is  the 
direction  of  true  north.  The  OY  axis  and  OZ  axis  are  determined  in 
accordance  with  the  left  hand  spiral  law.  Then,  the  position  of 
the  receiver  antenna  in  the  coordinate  system  in  question  is* 

Xr  =  0,  Yr  =  0,  Zr  =  Hr 

2.  Location  of  Transmiter  Antennas  in  the  Coordinate  System 
in  Question 
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Xi— (()i  qv)  •  ^1852.  2“9.  3cos((p,-f-<fi) J 

a  ,cp,+<F. 


T,  =  -0,-X,) 


(1 — e^sin^q:,)'' 


cos(- 


760X57.  3) 


2. _ X.^+Y?  I  M 

^  2R 


3.  Assuming  that  the  coordinates  of  targets  in  the  coordinate 
system  in  question  are  (Xm,Ym,Zm)^  the  time  delay  associated  with 
receivers  receiving  target  scattering  echoes  is  AT. 

The  target  distribution  isometric  rotational  ellipsoid  surface 
is: 


[(X«-X.)*  +  (Y«-Y.)*+(Z--Z,),]‘»+[(X.-X,)*+(Y«-Y,)*+(Z,-Z,)*]»»=aT.C+4 


(1) 


4.  Assuming  that  transmiter  real  time  detection  direction  is 
azimuth  B,  angle  of  elevation  a,  then,  the  directional  cosine 
associated  with  the  transmiter  beam  direction  in  the  xyz-O 
coordinate  system  is: 

cosa  •  cos(360*-B)i  +  cosa  •  sin(360*-B)j  +  sina.k 

/78 


5 .  The  detection  beam  ray  equation  past  the  transmiter 
antenna  point  (Xt,Yt,Zt)  is: 

X,-X.  Y,-Y.  _  Z,-Z, 

COSO  •  cos(360”— B)  cosa  •  sin(360'— B)  sino  .  (2) 

6.  Solving  equation  sets  (1)  and  (2),  it  is  then  possible  to 
obtain  target  position  coordinates.  From  these  coordinate  values, 
it  is  then  possible  to  obtain  the  three  nominal  values  of  azimuth, 
distance,  and  angle  of  elevation  associated  with  targets  relative 
to  reception  and  transmission  bases. 

(Ill)  Analysis  of  Principles  and  Precision 

Opting  for  the  use  of  satellite  heterosynchronous  methods  to 
realize  dual  base  radar  functions,  the  factors  influencing  the 
precision  of  target  determination  are  primarily  the  several  ones 
below. 

1.  Reception  Base  Position  Precisions  Supplied  by  GPS 

At  the  present  time,  as  far  as  GPS  receivers  opting  for  the 
use  of  C/A  code  is  concerned,  base  determining  precisions  are 
capable,  in  all  cases,  of  being  controled  within  75  meters.  If 
option  is  made  for  the  use  of  difference  technologies  and  option  is 
made  for  the  use  of  GPS  composite  navigation  systems,  then 
positioning  accuracies  will  be  even  higher. 

The  precision  of  positions  for  receiving  and  transmiting  bases 
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■iddlf  anf  low  Jati?uS^®IreL''ofttf '^'  '*“\-°  that-ln 

to  the  influences  of  target  calculation 

rSar^°^r  tp“^target^d2ec??L^rLges~?Sget  distSbutiSr 

surfaces  approach  ellipsoid  surfaces 
S  .a  fadVacet 

influences  of  Synchronous  Satellite  PoBii-ir»nir,«  t«  a.* 

Errors  as  Well  as  Drift  ilth  Regard  ?“precisionrS  sSSr.^o®*““ 
Pulse  Time  Difference  Corrections  ecisions  of  Synchronous 

positSjing  «%!SuS“;MOOto’'dntIJrS°?L'Srfacrof  the 

deviations  given  rise  to  by  drik  relative  ^ 

receiving  and  transmiting  bases  are  limited  to  only  deciSial^poSts . 

As  a  result,  the  errors  in  question  can  also  be  ignored 

intervals  “on  PosTtToT^Vt^e^^^S'aS^^^  "“P 

This  IS  a  main  factor  influencing  target  Dositioninrr 

iri.  £“)  S  “»■ 

3isposltJonfa?e”n«“SdviS7?“^iceS5“3j^SIu??«rST^“^“i^*^®* 

iffil  e“lT&^s“u?/ac““s  a|^;rch“i°:i\“^^^^^ 

3Ilec?ro“n2“^The^  i3  v& 

AS  a  result,  target  position  ^c3ia3!“  33Is3ied'^y  tSe®3JarSI«s 
in  question  and  single  bases  should  be  the  same  ordL  of  magnitSdl! 

Pluct^kioSl  Electromagnetic  Wave  Propagation  Speed 

paths"3?2"SiMy“c“onstUn"t 

i  are  tiny  to  the  point  of  not  needing  consISiration  °“ 

TT  •  Influences  of  Errors  Produced  in  Coordinate  SvetemR  qo^-  TTr^ 

Sing  the  Receiving  Base  as  the  Coordinate  Origin  Point  and  ^ 
Directly  Making  Use  of  Transmission  Beam  Absolute  Directions 
Due  to  true  transmission  beam  directions  being  azS^ 
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true  Ind  iSnSn?  B?aner  d”?  ^  ''i®" 

used  iu  receiver  coordiuate"Vvst^^^^  Th/LI  directly 

in  a  certain  speciallv  desicnate?  ri'i  ri?r  <  ■"“t®'™  direction  errors 
values.  The  vflues  I?  quest?Sn  frf  rlSted 

5uh  the 

then,  the  maximum  error  value  is  30 WO  5'?^  nautical  miles, 

satisfy  positioning  accura^%e|uir  JenL  >  '  “ 

Rializalior^’'®  Explanation  with  Regard  to  Technical 

1  •  Enc  ’yption  Modulation 
( 1 )  Encryption  Formats 

With  * 

azimuth  4  digits,  angle  of  elevation  2  digits/  in  addition^^?h^^' 
are  4  digits  of  data  discrimination  code  longitude 
az^uth  angle  of  elevation)  for  a  total  of  ?!  diSts 

ol  ^biti°Sf  f  or%^cod^^®  consider  one  pulse  mpduiation  ?79 

group.  Data  associated  with°one  pul?!  i^^c^MblS^of” 

16  different  code  groups.  LZg  ??e??  10  Irl  0-9 
discrimiation  codes.  2  are  latitude  /or  ."c?des.^  ^aia  foS^lt 


In  this  way,  one  complete  data  set  only  reouires  9?  TMiieaa 

cycles  and  rt  is  then  possible  to  completely  transmit  it 
(2)  Modulation  Methods:  i-iaufainic  in. 

With  regard  to  each  detection  pulse  (1  6uq\  i-t-  a®  -j  j 

?heJr  pSSe^^d'^tht  rtlirence^phaVe  “-iF 

pulses,  in  series,  thly  are  sent‘\onn*cr&“fo"r^ltfon:i^”Ls* 

f?lq:eS^“synthesileir""^  ^  -uPPlied  by 

2.  Demodulation  and  Data  Separation 


12 


delayeS\°?8%riS?  ?eniTo%l?se“"StaS  ""S'  P^*'  i= 

other  path  doee  not  go  tLougrdilS?  hS^S°S  «"«"“?•  Ph® 

coherent.  Data  is  demodulatid  and'^ihS  S.vf'®"®  P“^®®  Pl'^eet  are 
units.  When  it  is  determined  4hatt^^%-fS^%"®  P°  decision 

%!^™s?M“inrSS"ir ""  artaTiS'.  ®®« 

with  !:?  r%eUt!Sf cycles^ol  Ss?"tS  «%\i?irf' °’‘  """ 

t^qi!«s  =JS?r""?L?I?o""“"  onrcol^,Tet^"dT^^^^^ 

to  repeat  da?a  tlaSSlion^SloxMf '*o“ 

terms  of  transmiters  associated  wit^dat«+-t=  times.  Speaking  in 

of.  sight  and  dependent  orscatterinc  echn.\^^  of  line 

principles,  the  scanning  angSa?  vSocJt?2^  a? 

reach  0x103  /22.  0  is  beam  angled  ®  maximum,  can 


M 
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